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NOISE REDUCING ELECTRONIC
COMPONENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of priority to Japanese
Patent Application 2014-024132 filed Feb. 12, 2014, and to

International Patent Application No. PCT/JP2015/050042

filed Jan. 5, 2015, the entire content of which 1s incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure relates to noise reducing electronic
components capable of reducing noise generated in a printed
circuit board and the like.

BACKGROUND ART

Japanese Patent Laying-Open No. 2009-105575 discloses
a filter that prevents propagation of a high-frequency noise
current to a cable through a connector. In the filter disclosed
in Japanese Patent Laying-Open No. 2009-103575, a region
exhibiting high impedance 1s formed 1n a peripheral portion
ol a connector of a printed circuit board. The region exhib-
iting high impedance has an electromagnetic band gap
structure having a band gap that blocks propagation of
clectromagnetic waves 1n a prescribed frequency band. U.S.
Pat. No. 6,483,481 discloses a surface structure exhibiting
high impedance 1n multiple frequency bands.

The region exhibiting high impedance includes a plurality
of small conductor pieces disposed at regular intervals on a
first conductor layer, a ground conductor film disposed on a
second conductor layer, and a conductor post connecting the
plurality of small conductor pieces to the ground conductor

film.

SUMMARY
Technical Problem

The conventional techniques noted above can suppress a
common mode current flowing to the ground of a connector
connected to a printed circuit board. It 1s diflicult, however,
to suppress propagation of noise generated 1n some circuits
on the printed circuit board to other circuits on the same
board. The noise 1s thus likely to be spread across the board.
The spread of noise into the board may result 1n secondary
radiation.

An object of the present disclosure 1s to provide a noise
reducing electronic component capable of reducing noise in
a printed circuit board and the like.

Solution to Problem

According to one aspect of the present disclosure, there 1s
provided a noise reducing electronic component to be used
as mounted on a circuit board, including: a floating electrode
disposed so as to be capacitively coupled to a ground
conductor of the circuit board; a radiation element connected
to the floating electrode; and a shielding member to shield
clectromagnetic waves radiated from the radiation element.

Noise generated in the ground conductor of the circuit
board propagates to the tloating electrode, and 1s radiated as
clectromagnetic waves from the radiation element. The
radiated electromagnetic waves are shielded by the shielding,
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member. Since the noise generated in the ground conductor
of the circuit board 1s radiated as electromagnetic energy and
consumed, noise can be reduced.

Furthermore, a ground electrode to be electrically con-
nected to the ground conductor of the circuit board may be
disposed, and the floating electrode may be capacitively
coupled to the ground electrode. The floating electrode 1s to
be capacitively coupled to the ground conductor of the
circuit board through the ground electrode.

The noise reducing electronic component may have a
bottom surface to be bonded to the circuit board, and the
floating electrode and the ground electrode may be disposed
with a gap therebetween in an in-plane direction of the
bottom surface. The floating electrode 1s bonded to the
insulating region of the circuit board, and the ground elec-
trode 1s bonded to the ground conductor of the circuit board.

The noise reducing electronic component may have a
bottom surface to be bonded to the circuit board, the ground
clectrode may be exposed at the bottom surface, and the
floating electrode may be disposed on the ground electrode
with a dielectric film interposed therebetween. The floating
clectrode 1s capacitively coupled to the ground electrode
through the dielectric film.

The shielding member may be made of a conductive
material, and may be electrically connected to the ground
clectrode. The electromagnetic wave shielding effect by the
shielding member can be improved.

The noise reducing electronic component may further
include a dielectric film to be bonded to the ground con-
ductor of the circuit board, and the floating electrode may be
disposed on the dielectric film. The floating electrode 1s
capacitively coupled to the ground conductor of the circuit
board through the dielectric film.

The shielding member may be made of a magnetic
maternal. The electromagnetic waves can be absorbed by the
magnetic material.

Advantageous Eflects of Disclosure

Noise generated 1n the ground conductor of the circuit
board propagates to the floating electrode, and 1s radiated as
clectromagnetic waves from the radiation element. The
radiated electromagnetic waves are shielded by the shielding
member. Since the noise generated in the ground conductor
of the circuit board 1s radiated as electromagnetic energy and
consumed, noise can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s a cross-sectional view of a noise reducing
clectronic component according to a first embodiment.

FIG. 1B 1s a cross-sectional view of a circuit board on
which the noise reducing electronic component according to
the first embodiment has been mounted.

FIG. 1C 1s a bottom view of the circuit board on which the
noise reducing electronic component according to the first
embodiment has been mounted.

FIG. 2 1s an equivalent circuit diagram of a ground
conductor, a floating conductor, a radiation element, and a
shielding member.

FIG. 3 1s a cross-sectional view of the noise reducing
clectronic component and the circuit board, where the noise
reducing electronic component according to the first
embodiment has been mounted on the circuit board in
another manner.

FIG. 4A 1s a cross-sectional view of a noise reducing
clectronic component according to a second embodiment.
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FIG. 4B 1s a bottom view of a circuit board on which the
noise reducing electronic component according to the sec-

ond embodiment has been mounted.

FIG. 5A 1s a cross-sectional view of a noise reducing
clectronic component according to a third embodiment.

FIG. 3B 1s a bottom view of a circuit board on which the
noise reducing electronic component according to the third
embodiment has been mounted.

FIG. 6 1s a cross-sectional view of a noise reducing
clectronic component according to a fourth embodiment.

FIG. 7A 1s a cross-sectional view of a noise reducing
clectronic component according to a fifth embodiment.

FIG. 7B 1s a cross-sectional view taken along a chain-
dotted line 7B-7B 1n FIG. 7A.

DETAILED DESCRIPTION

First Embodiment

FIG. 1A shows a cross-sectional view of a noise reducing
clectronic component 10 according to a first embodiment.
Noise reducing electronic component 10 1s used as mounted
on a circuit board 20. Noise reducing electronic component
10 includes a floating electrode 11, a radiation element 12,
a shielding member 13, and a filling material 14.

Floating electrode 11 forms a bottom surface of noise
reducing electronic component 10. Radiation element 12 1s
attached to floating electrode 11. Radiation element 12 1s
made of a linear conductor fixed perpendicularly to the
surface of floating electrode 11, for example, and operates as
a monopole antenna. Flectromagnetic waves radiated from
radiation element 12 are shielded by shielding member 13.
A conductive material such as copper or a magnetic material
such as ferrite 1s used for shielding member 13. Space
between radiation element 12 and shielding member 13 1s
filled with filling material 14 made of a dielectric. It shield-
ing member 13 1s made of a conductive material, shielding
member 13 1s electrically insulated from floating electrode
11.

Circuit board 20 includes a ground conductor 21 and a
floating conductor 22. Floating conductor 22 1s spaced a
distance from ground conductor 21 1n an in-plane direction,
and 1s capacitively coupled to ground conductor 21. The
surface of floating conductor 22 1s exposed. Floating elec-
trode 11 of noise reducing electronic component 10 1s
bonded to the exposed surface of floating conductor 22, and
floating electrode 11 1s electrically connected to tloating
conductor 22. With floating conductor 22 being capacitively
coupled to ground conductor 21, floating electrode 11 of
noise reducing electronic component 10 1s also capacitively
coupled to ground conductor 21 of circuit board 20.

FIG. 1B shows a cross-sectional view of circuit board 20
on which noise reducing electronic component 10 according
to the first embodiment has been mounted. An integrated
circuit element 29 1s mounted on an element mounting
surface of circuit board 20. Integrated circuit element 29 has
clectrodes connected to pads 28 distributed over the element
mounting surface. A ground conductor film 24, a power
supply conductor film 23, and signal lines are disposed 1n
circuit board 20. Integrated circuit element 29 has a power
supply terminal connected to power supply conductor film
23 by an imterlayer connecting member 26, and integrated
circuit element 29 has a ground terminal connected to
ground conductor film 24 by an interlayer connecting mem-
ber 27. On a rear surface of circuit board 20 opposite to the
clement mounting surface, ground conductor 21 and tloating
conductor 22 are disposed. Ground conductor 21 1s con-
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nected to internal ground conductor film 24 by an interlayer
connecting member 25. Noise reducing electronic compo-
nent 10 1s bonded to floating conductor 22.

FIG. 1C shows a bottom view of circuit board 20. Ground
conductor 21 and floating conductor 22 are disposed on the
rear surface of circuit board 20. A gap 31 1s secured between
floating conductor 22 and ground conductor 21. Thus,
floating conductor 22 1s capacitively coupled to ground
conductor 21. Noise reducing electronic component 10 1s
disposed 1nside floating conductor 22 as seen 1n plan view.

FIG. 2 shows an equivalent circuit diagram of ground
conductor 21, floating conductor 22, radiation element 12,
and shielding member 13. Ground conductor 21 1s con-
nected to floating conductor 22 through a capacitor 30.
Capacitor 30 1s based on the capacitance resulting from gap
31 between ground conductor 21 and floating conductor 22
shown 1n FIG. 1C. Floating conductor 22 1s connected to
radiation element 12 through floating electrode 11.

A noise current generated 1n ground conductor 21 flows to
radiation element 12 through capacitor 30, causing radiation
of electromagnetic waves from radiation element 12. The
clectromagnetic waves radiated from radiation element 12
are shielded by shielding member 13. In this manner, the
noise current generated 1n ground conductor 21 1s converted
to electromagnetic energy by radiation element 12. The
clectromagnetic energy radiated from radiation element 12
1s prevented from being radiated to the outside by shielding
member 13, and 1s therefore ultimately consumed inside
noise reducing electronic component 10. As a result, a
reduction 1n noise level can be achieved 1n circuit board 20,
and integrated circuit element 29 mounted thereon.

Generally, a reduction 1n noise level can be achieved by
teeding electromagnetic noise back to ground conductor 21.
When the potential of ground conductor 21 1s unstable,
however, the noise fed back to ground conductor 21 may
adversely aflect the various circuits mounted on circuit
board 20. In order to address the noise 1n an eflicient manner,
it 1s eflective to eliminate noise energy itself. In the first
embodiment noted above, noise energy 1s radiated as elec-
tromagnetic energy, thus achieving a reduction 1n noise level
even 1f the potential of ground conductor 21 1s unstable. A
noticeable eflect of noise reduction 1s obtained, for example,
when circuit board 20 according to the first embodiment 1s
used as a board of a personal digital assistant.

It 1s preferable to determine the capacitance of capacitor
30, and the shape and dimensions of radiation element 12 1n
such a manner as to allow eflicient radiation of electromag-
netic waves 1n a frequency band of noise to be eliminated.
For example, the capacitance of capacitor 30, and the shape
and dimensions of radiation element 12 are determined 1n
such a manner as to allow eflicient radiation of electromag-
netic waves corresponding to the operating frequency of
integrated circuit element 29 mounted on circuit board 20.
The result 1s an 1improved noise removal ellect.

FIG. 3 shows a cross-sectional view of noise reducing
clectronic component 10 and circuit board 20, where noise
reducing electronic component 10 according to the first
embodiment has been mounted on circuit board 20 1n an
arrangement different from the arrangement shown 1n FIGS.
1A to 1C. In the arrangement example shown in FIGS. 1A
to 1C, floating electrode 11 of noise reducing electronic
component 10 i1s connected to floating conductor 22 of
circuit board 20. In the example shown in FIG. 3, floating
clectrode 11 of noise reducing electronic component 10 1s
bonded to an insulating surface of circuit board 20. Noise
reducing electronic component 10 1s positioned such that
tfloating electrode 11 of noise reducing electronic component
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10 and ground conductor 21 of circuit board 20 are disposed
with a gap 32 therebetween 1n the in-plane direction.

With gap 32 being secured between floating electrode 11
and ground conductor 21, floating electrode 11 i1s capaci-
tively coupled to ground conductor 21. In the example
shown 1n FIG. 3, the capacitance of capacitor 30 (FIG. 2)
depends on the dimensions of gap 32. The dimensional
accuracy of gap 32 1s determined by the positioning accu-
racy during the mounting of noise reducing electronic com-
ponent 10.

Second Embodiment

Referring now to FIGS. 4A and 4B, noise reducing
clectronic component 10 according to a second embodiment
1s described. The difference from the first embodiment will
be noted and described below, and description of the same
configuration will not be repeated.

FIG. 4A shows a cross-sectional view of noise reducing
clectronic component 10 according to the second embodi-
ment. In the first embodiment, the entire bottom surface of
noise reducing electronic component 10 1s formed of tloat-
ing electrode 11 (FIG. 1A). In the second embodiment,
floating electrode 11 and a ground electrode 35 are exposed
at the bottom surface of noise reducing electronic compo-
nent 10. Floating electrode 11 and ground electrode 35 are
disposed with a gap 36 therebetween 1n the 1n-plane direc-
tion of the bottom surface. Shielding member 13 1s electri-
cally connected to ground electrode 35.

While floating conductor 22 (FIG. 1A) 1s disposed in
circuit board 20 on which noise reducing electronic com-
ponent 10 according to the first embodiment 1s mounted,
tfloating conductor 22 1s not disposed in circuit board 20 on
which noise reducing electronic component 10 according to
the second embodiment 1s mounted. Ground electrode 35 of
noise reducing electronic component 10 1s electrically con-
nected to ground conductor 21 of circuit board 20. Floating,
clectrode 11 1s bonded to the insulating surface of circuit
board 20.

FIG. 4B shows a bottom view of circuit board 20 on
which noise reducing electronic component 10 according to
the second embodiment has been mounted. Noise reducing,
clectronic component 10 1s disposed so as to straddle the
boundary between ground conductor 21 and the mnsulating
region.

In the second embodiment, floating electrode 11 of noise
reducing electronic component 10 1s capacitively coupled to
ground electrode 35, and ground electrode 35 1s connected
to ground conductor 21 of circuit board 20. Thus, floating
clectrode 11 of noise reducing electronic component 10 1s
capacitively coupled to ground conductor 21 of circuit board
20. In the second embodiment, the capacitance of capacitor
30 (FIG. 2) depends on the dimensions of gap 36. Accord-
ingly, the accuracy of capacitance of capacitor 30 (FIG. 2)
1s determined by the assembling accuracy of tloating elec-
trode 11 and ground electrode 35.

Moreover, 1n the second embodiment, shielding member
13 1s electrically mnsulated from floating electrode 11, and 1s
clectrically connected to ground electrode 35. Thus, shield-
ing member 13 1s connected to ground conductor 21 of
circuit board 20. The result 1s an 1improved electromagnetic
wave shielding effect by shielding member 13. If shielding
member 13 1s made of a magnetic material, shielding
member 13 and ground electrode 35 do not need to be

connected together.

Third Embodiment

Referring to FIGS. 5A and 5B, noise reducing electronic
component 10 according to a third embodiment 1s described.
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The difference from the first embodiment will be noted and
described below, and description of the same configuration
will not be repeated.

FIG. 5A shows a cross-sectional view of noise reducing
clectronic component 10 according to the third embodiment.
Ground electrode 35 15 exposed at the entire bottom surface
ol noise reducing electronic component 10. Floating elec-
trode 11 1s disposed on ground electrode 35 with a dielectric
film 37 interposed therebetween. Shielding member 13 1s
clectrically connected to ground electrode 35, and 1s elec-
trically insulated from floating electrode 11. Ground elec-
trode 35 1s electrically connected to ground conductor 21 of
circuit board 20. Shielding member 13 1s, as 1n the second
embodiment shown 1 FIG. 4A, connected to ground con-
ductor 21 of circuit board 20 with ground electrode 35
interposed therebetween.

FIG. 5B shows a bottom view of circuit board 20 on
which noise reducing electronic component 10 according to
the third embodiment has been mounted. Noise reducing
clectronic component 10 1s disposed inside ground conduc-
tor 21 as seen 1n plan view.

In the third embodiment, ground electrode 35 and floating
clectrode 11 facing each other with dielectric film 37 inter-
posed therebetween form capacitor 30 (FIG. 2).

Fourth Embodiment

FIG. 6 shows a cross-sectional view of noise reducing
clectronic component 10 according to a fourth embodiment.
The difference from noise reducing electronic component 10
according to the third embodiment shown 1n FIGS. 5A and
5B will be noted and described below, and description of the
same configuration will not be repeated.

In the fourth embodiment, ground electrode 35 of the third
embodiment 1s not provided, and dielectric film 37 1s
exposed at the bottom surface of noise reducing electronic
component 10. Dielectric film 37 1s bonded to ground
conductor 21 of circuit board 20. Floating electrode 11 1s
disposed on ground conductor 21 with dielectric film 37
interposed therebetween. Thus, floating electrode 11 1s
capacitively coupled to ground conductor 21.

A conductive material 38 1s disposed at a portion where
the lower end of a side surface of noise reducing electronic
component 10 and ground conductor 21 are 1n contact with
cach other. Conductive material 38 electrically connects
shielding member 13 to ground conductor 21. If a magnetic
material 1s used as shielding member 13, conductive mate-
rial 38 does not need to be disposed.

Fifth Embodiment

Referring to FIGS. 7A and 7B, noise reducing electronic
component 10 according to a fifth embodiment 1s described.
The difference from the first to fourth embodiments will be
noted and described below, and description of the same
configuration will not be repeated. In the first to fourth
embodiments, a monopole antenna 1s used as radiation
clement 12. In the fifth embodiment, a spiral antenna 1s used
as radiation element 12.

FIG. 7A shows a cross-sectional view of noise reducing
clectronic component 10 according to the fifth embodiment.
FIG. 7B shows a plan cross-sectional view taken along a
chain-dotted line 7B-7B in FIG. 7A. FIG. 7A corresponds to
a cross-sectional view taken along a chain-dotted line
7A-TA 1n FIG. 7B. From floating electrode 11, a conductive
post 15 extends substantially perpendicularly to the surface
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of the floating electrode. Radiation element 12 made of a
spiral-shaped linear conductor 1s attached to the tip of post
15.

It 1s noted that a patch antenna may be used as radiation
clement 12. For radiation element 12, 1t 1s preferable to use
an antenna most likely to radiate electromagnetic waves 1n
a Irequency band of noise to be eliminated.

Although the present disclosure has been described with
reference to the embodiments, the present disclosure 1s not
limited thereto. It would be obvious for those skilled 1n the
art, for example, that a variety of variations, modifications,
combinations and the like can be made.

The invention claimed 1s:
1. A noise reducing electronic component to be used as
mounted on a circuit board, comprising:

a floating electrode disposed so as to be capacitively
coupled to a ground conductor of the circuit board;

a radiation element connected to the tloating electrode and
configured to radiate electromagnetic waves; and

a shielding member made of magnetic material to shield
the electromagnetic waves radiated from the radiation
element,

the radiation element being made of a liner conductor
having a tip end and a base end,

the base end being connected to the floating electrode, and

a lateral direction of the tip end and an extending direction
of the radiation element from the tip end being covered
with the shielding member.
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2. The noise reducing electronic component according to
claim 1, further comprising a ground electrode to be elec-
trically connected to the ground conductor of the circuit
board, wherein

the tloating electrode 1s to be capacitively coupled to the

ground electrode.

3. The noise reducing electronic component according to
claim 2, wherein

the noise reducing electronic component has a bottom

surface to be bonded to the circuit board, and

the floating electrode and the ground electrode are dis-

posed with a gap therebetween in an in-plane direction
of the bottom surface.

4. The noise reducing electronic component according to
claim 2, wherein

the noise reducing electronic component has a bottom

surface to be bonded to the circuit board, and

the ground electrode 1s exposed at the bottom surface, and

the floating electrode 1s disposed on the ground elec-
trode with a dielectric film mterposed therebetween.

5. The noise reducing electronic component according to
claim 2, wherein

the shielding member 1s made of a conductive matenal,

and 1s electrically connected to the ground electrode.

6. The noise reducing electronic component according to
claim 1, wherein

the noise reducing electronic component further com-

prises a dielectric film to be bonded to the ground
conductor of the circuit board, and

the floating electrode 1s disposed on the dielectric film.
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